Introduction
The compressive strength of masonry is considered by design codes as the main design parameter, on which, additionally, the derivation of its mechanical properties is largely based. For this reason, masonry in concentric compression has been extensively studied. Taking into account the experimental investigations on masonry composites accompanied by a characterization of the masonry constituents, the instances in the literature become fewer in number. A relatively large number of such experimental investigations has been performed on stack bond prisms [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
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The different combinations of materials present researchers with a wide range of possible choices for experimental study. However, reviewing the available inventory of experimental data, one finds a distinct predominance of cement and lime/cement mortars in structural testing. While chemical, curing, mechanical property and sustainability issues of modern pure lime mortars have been extensively studied [28] [29] [30] [31] [32] [33] [34] , the investigation of their direct structural application has not enjoyed the same attention [35] despite its common use as original material or for restoration purposes in historical structures.
Measurement of the compressive and flexural strength of units and mortar is well documented and even codified in guidelines [36] [37] [38] . However, no comparable effort has been devoted to the characterization of the Young's moduli of the material constituents and the masonry composite.
Masonry codes [39] provide empirical relations for the estimation of the masonry Young's modulus using the compressive strength of masonry as the only parameter and hence neglect the important influence of the parameters related to the constituent materials. Regarding experimental procedures, there is a lack of guidelines for the measurement of the Young's modulus of both the units and the mortar as well as of the masonry composite.
Published results on the Young's modulus of units and mortar often do not explain in detail the method used to obtain these results. However, a few studies include a detailed explanation of such measurement methods and often make use of the measured moduli in numerical simulations of the experimental processes [5, 7, 8, 11, 40, 41] .
Measurements of the mechanical properties of units are easier to perform and are, therefore, more common. However, compressive tests on the unit beds are usually performed on entire units in the direction perpendicular to the unit bed [4, 5, 21] . Due to the dimensions of units, it is foreseeable that this type of tests is significantly affected by both size and shape effects and hence may not be offering a reliable measurement of the uniaxial compressive strength of the material. By   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 3 measuring cylindrical, cubic or cuboid samples extracted from bricks it has been intended to limit or study these size effects or to simply form specimens with appropriate dimensions to facilitate measurements [8, 20, 42] .
The issue of the difference between the properties of the mortars in freestanding samples and in the composite persists due to difficulties in obtaining deformation measurements from both the joints, which are prohibitively thin, and from cast samples due to differences in curing conditions.
Efforts have been made to measure isolated deformations of the units and the mortar joints in masonry under compression [13, 20] . For other cases, the elastic properties of the mortar in the joints are indirectly derived by measurements in the units and in the composite [25] .
The main objective of the experimental campaign herein presented was to determine the compressive strength and Young's modulus of masonry composed of medium strength solid clay bricks and two types of low strength lime/sand mortar with zero Portland cement content. The intention was to establish whether this particular combination of materials can produce composites of adequate compressive strength and, simultaneously, sufficient deformability so as to be, from a structural perspective, compatible with historical masonry for application in intervention projects.
The tests to be performed and the measurements to be taken during their execution were designed so as to give as much information as possible on both the strength and the deformability characteristics of the constituent materials.
Description of experimental campaign
The procedures used for the characterization of the component materials and the composite specimens are presented in the following paragraphs.
For the mechanical characterization of the units, it was preferred to measure the uniaxial compressive strength and the Young's modulus of the material of which they are composed, using 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 4 appropriate brick cores, rather than measuring the strength of an entire brick in compression. As mentioned above, the latter approach would involve significant size effects in the compression tests. It was also intended to follow a sampling procedure which would allow a large number of testable specimens to be extracted from a single brick. In the case of the application of destructive testing on historical materials this is advantageous for exerting minimum damage and loss of original material in the structure.
The masonry was constructed in stack bond configuration. This geometrical setup allows for a simple way of studying unit-mortar interaction in masonry under concentric compression, as has been noted in integrated experimental/numerical masonry analysis projects [43] .
Whenever possible, existing testing standards were consulted in order to compare the parameters in the performed tests and their results against a codified backdrop. It was intended to establish whether the materials and the resulting masonry conform to the application spectrum defined or implied in the corresponding standards.
Units
The units used in the campaign were solid clay bricks with nominal dimensions measuring 290×140×50 mm 3 . The bricks were hand-molded, which resulted in the bricks having smaller actual dimensions and rough, uneven surfaces and, often, slanted heads and faces. The more pronounced scatter in the geometric measurements was obtained for the smaller dimensions of the bricks, namely their height.
The bricks received surface treatment prior to testing. The beds were polished in order to ensure smoothness and planarity and to remove surface fissures and other damage, whereupon the bricks were reduced to a height of roughly 40 mm. Following the surface treatment, cylindrical core samples were extracted from the bricks in the direction perpendicular to the unit bed, numbering six to seven from each unit, with a diameter of 45.25 mm. The height to diameter ratio in the samples was, therefore, roughly 1, which is not ideal for eliminating size effects in compression tests or the confinement afforded on the sample by the loading platen, but provides a 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   5 significant improvement against the testing of full bricks. Furthermore, the very small height of the bricks, and therefore the very small displacements to be measured, would compound the uncertainty of the measurements. Coring also allows for the influence of local imperfections to be directly measured or even entirely avoided, as internal cracks and voids become visible. Finally, it allows for the clearer overview of the variation of the results, since it may now be decomposed in the variation of the properties between the units as well as in the localized variation of the area from which each sample was extracted. Examples of coring patterns are shown in Figure 1 . For these reasons, and in order to obtain some understanding of these size effects, the cylindrical samples were tested in single, double and triple stacks. The surface treatment of the unit beds facilitates this configuration.
The characterization of the tensile strength of the units was done using three-point bending of three complete brick specimens, from which the uniaxial tensile strength may be indirectly determined. There is no EN standard specific to the determination of the tensile or flexural strength of clay units as there are for concrete blocks [36] . Following the aforementioned surface treatment and before testing, the units were placed in a drying oven overnight at a temperature of 105±5 0 C to remove existing moisture and to ensure equal moisture for all samples. The units were left to cool for 4 hours prior to testing. The testing was performed using a load cell with a 200 kN capacity in a hinged configuration and displacement measurements were only taken from the load cell readings.
The load was applied in force control at a rate of 10 N/sec. The test was performed specifying a central span of 200 mm, as illustrated in Figure 2 .
For the compressive tests on the cylindrical samples, a 200 kN capacity load cell was used in a hinged configuration. The load was applied in displacement control, in order to record the softening branch with more ease, at a rate of 0.002 mm/sec. Measurements were taken from three LVDTs placed in the perimeter as shown in Figure 3 , and from the load cell readings. These devices were fixed on the loading plates, as the small height of the cylinders, even when stacked, was not sufficient for the LVDTs to be properly attached directly on them. Overall, eleven single samples, eight double samples and six triple samples were tested for a total of 25 compression tests. With the 6 exception of one triple sample, the doubles and triples were composed of cores from the same brick.
Mortar
Two types of mortar were employed in the construction of the masonry: aerial lime mortar (ALM) and hydraulic lime mortar (HLM) combined with fine sand made of crushed limestone and zero Portland cement content. The ALM mortar was produced in putty form obtained from submersion of CL-90 calcium lime in water in a sealed plastic drum and the HLM directly from NHL 3.5 natural hydraulic lime powder. The properties of the sand are presented in Figure 4 and Table 1 . Both mortars were produced in a 1:3 lime-to-sand ratio and were hand-mixed using a trowel. The methodology followed in the characterization of the mortars is described in the EN 1015-11 European standard for mortar testing [37] , which includes instructions for the preparation and storing of the samples as well as the testing setups and procedures. However, due to the composition of the mortars, it was immediately understood that this standard is mainly applicable to mortars of higher strength. Nevertheless, it may still be, as it indeed has been, consulted as a guideline for planning this and other similar campaigns.
In parallel with the construction of the prisms, mortar was poured and appropriately compacted in steel 3-compartment molds lubricated with mineral oil to prevent adhesion of the mortar to the mold walls. The mortar was poured in two layers, each of which was compacted with 25 strokes of the tamper. In total, 24 prismatic samples measuring at 160×40×40 mm 3 were prepared for each mortar type. The molds were stored in lab conditions (22.5 0 Celsius, 70.2% humidity) and the samples were extracted after 6 days for the aerial lime and 2 days for the hydraulic lime samples, which were subsequently stored in the same lab conditions. The lack of free contact with the air in the faces of the prisms adjacent to the steel walls of the mold, resulting in very slow hardening, made it necessary to allow a longer period of time to pass before unmolding the aerial lime mortar in order to avoid premature deformation and damage to the samples. Inspection of the molds after removal of the mortar prisms did not reveal any sign of adhered mortar. The mortars were subjected to flexural and compressive tests. The mortar prismatic samples were tested in three-point bending and the two resulting halves were tested in compression. A 10 kN capacity press was used in force control at a rate of 10 N/s for the bending tests and 50 N/s for the compression tests, both rates corresponding to the minimum standard specified values. The test setups are shown in Figure 5 and the only quantity measured was the force against time. The small dimensions and low strength of the mortars do not allow for accurate displacement measurements to be easily taken. Tests were performed at 14, 28, 42 and 49 days for the ALM and 7, 14, 28 and 49 days for the HLM in order to study the maturation of the mortars.
Masonry
Six masonry wallettes were constructed, three for each mortar type. The EN 1052-1 standard for the determination of the compressive strength of masonry was consulted as a guideline on the preparation of the prisms, the curing and storage, the placement of the measuring instruments and the determination of the loading rate during testing [44] . The masonry wallettes consisted of five bricks and four mortar bed joints of 10 mm thickness, resulting in overall nominal dimensions equaling 290×140×290 mm 3 . The bricks were submerged in water for 30 minutes prior to construction, which took place on a flat surface. For each type of mortar, two prisms were capped on both ends using a 3 mm thick sulfur-silica sand mortar joint to ensure the flatness of the loading surfaces, while one prism from each mortar case was capped on the top end with the sulfur-silica sand mortar and a 1.5 mm thick unbonded unreinforced neoprene sheet and with sulfur mortar only on the lower end. Immediately following construction, the prisms were covered with polyethylene sheets for three days in order to prevent premature drying. Subsequently, the masonry was kept in laboratory conditions until it reached an age of 49 days.
The machine used in the compression testing has a static load capacity of 2000 kN. The load cell was set in a hinge configuration to facilitate the adjustment of the load plate with the masonry for uniform load distribution. The load cell was fitted with a short steel profile beam to match the vertical cross section of the prisms. Finally, the masonry was centered between two thick steel plates. Three values of Young's moduli were measured in the masonry: the initial loading modulus measured in the first loading branch during the cyclic tests, the unloading/reloading modulus in the cyclic tests and the final modulus in the monotonic compression test, which was determined at roughly 40-60% of the compressive strength. The loading to determine the compressive strength was conducted under displacement control in order to capture the post peak response of the masonry. The load was applied at a rate of 0.003 mm/sec. The LVDTs were removed from the structure before the peak in order to avoid damage to the equipment, after which point the only displacement measured was that of the stroke of the actuator. Therefore, information for the Young's modulus could be obtained from this set of tests as well. The test was stopped once the post peak curve reached roughly 5-10% of the obtained capacity.
Direct measurement of the Young's modulus of the mortars was impractical both on freestanding samples as on the masonry itself. Test samples were required to be of small size, otherwise mortar hardening would not be achieved within a practical time limit, and therefore direct placement of measuring equipment was not possible. As an alternative course of action, the Young's modulus of the mortars may be indirectly determined. This can be achieved following the measurement of the Young's modulus of the units and of the masonry composite by a simple, onedimensional homogenization process. This process idealizes the masonry composite as a set of linear elastic springs in series. According to this, the elastic modulus of the masonry composite E c is calculated by the following equation:
where h m and h u are the thickness of the mortar bed joint and the height of the units respectively and E m and E u are the Young's moduli of the mortar and the units. The model assumes perfect normal and shear bond in the unit-mortar interface as well as neglecting Poisson effects, which do not have a strong influence on vertical masonry stiffness for stack bond prisms. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10
Results

Units
The results of the bending tests on the bricks are presented in Table 2 . Despite the small number of tests, the results were consistent and showed very little scatter. The tensile strength of the brick f tu is derived from the flexural strength f flex by way of equation (2) 
The compressive test results on the core samples are presented in two tables. The results and dimensions of the samples, organized according to the number of cylinders in the sample, are presented in Table 3 . Similarly, Table 4 summarizes the same results according to the brick from which the samples were extracted regardless of sample size. This distinction allows to overview the variation of the results according to the parent brick and the sample size. The bricks are again designated by roman numerals (it is reminded that I, II and III where the ones tested in bending) and the extracted samples by ordinary numerals.
The failure mode of the samples may be seen in Figure 8 . Vertical and diagonal cracks in the stacked specimens jump across the polished interfaces, indicating good contact between the samples. Continuity of spalling damage was also noticed.
It was noticed that imperfections such as existing cracks did not have a strong influence on the compressive strength or stiffness of the samples, as compared to undamaged samples from the same brick. However, damage at the base or the top of the samples, mostly due to the coring process, caused a notable reduction of the strength of the samples.
Examining the results of each brick separately, for example bricks II, III and IV, the compressive strength showed a decreasing trend for an increase in sample height. On the contrary, the Young's modulus increased with the specimen height throughout all the cases and on a brick by brick basis, despite the fact that the increase of the height of the specimens, which reduces size effects, and the existence of horizontal joints normally result in a decrease of the axial stiffness. Of further note is the fact that the scatter of the results for the Young's modulus exhibited a marked 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 decrease for an increase in height, even though the number of tests was smaller for larger heights.
The scatter of the results on the compressive strength was also the lowest across the triple sample cases.
Moderate variation was discovered in the properties across the bricks, with units VI and VII having a Young's modulus significantly higher than the average and unit I having a compressive strength higher than the average. These trends appear to have been partly influenced by the properties of the individual bricks from which the samples were extracted. For example, half of the triple stacked samples were performed using cores from units VI and VII, which had the highest Young's modulus. Finally, there was no correlation between the flexural strength of the brick and the compressive strength of the samples extracted from it.
Mortars
The evolution of the strength of the two mortars presents a number of differences. This can be attributed to the different maturation process between the binding agents in the two materials considered, aerial and hydraulic lime. Figure 9 illustrates the evolution of the compressive and flexural strength of the two mortars [47] .
The compressive strength of the ALM exhibited a low initial rate of increase, which tended to decrease after 28 days. At 49 days the rate of increase was low but not zero. The HLM exhibited significant strength at 7 days, compared to the one achieved at 49 days. However, the rate of increase of strength was comparatively low in the remaining period until 49 days. The difference in both cases between the values at 28 and 49 days is significant, however, and should be considered in structural design.
It is unclear whether further maturation of the mortar would result in even higher compressive strength values or how long it would take for a substantial increase. Evaluation of the tendency lines for the compressive strength seems to indicate that near maximum strength could be reached at 49 days for the HLM, but ALM should be expected to increase further in strength, as is evidenced by practical experience and the obtained development curve. Due to the scatter obtained 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 for the flexural strength of the ALM it is difficult to make a similar estimation, though much higher strength should not be expected. However, the flexural strength of the HLM appears to be increasing significantly even after the 49 th day.
The results of the mortar bending tests at 49 days are presented in detail in Table 5 , where the dispersion of results in the case of the ALM is apparent, whereas the dispersion in the case of the HLM was much smaller. Taking into consideration that the tensile strength of the mortar is not significant in the study of the compressive strength of masonry, especially in stack bond prisms, the scatter of the aerial lime results is of small consequence. Despite using the lowest value of load application rate specified in the standard, failure was reached at a time as short as 10 sec, which is lower than 30 sec specified in the standard as the shortest recommended duration of the test.
The results obtained from the compressive tests at 49 days for both mortar types are presented in detail in Table 6 . The samples are named after the mortar prisms tested in bending from which they were produced with the added suffix a or b. Once again, only the actuator force in time was measured. As was the case with the unit tests, no distinct relation between flexural and compressive strength of samples from the same prism could be discerned. Overall, the scatter of the results was quite low and much lower than for the bending tests.
According to the EN standard, mortar bending and compressive tests should be performed at an age of 28 days unless retarding agents have been employed in the mix, which was not the case in this campaign. Overviewing the results, it is apparent that the increase in strength in the period between 28 and 49 days is significant compared to, for example, the corresponding increase for concrete or masonry mortars based on Portland cement stored in laboratory conditions.
Masonry
The cyclic loading of the prisms initially performed for each specimen revealed certain aspects of the masonry's response. The initial response in compression is highly nonlinear, as micro-cracks in the unit-mortar interface and voids in the mortar are closed. Unloading, even when only a very small load has been applied, has a far higher elastic modulus than the initial one in compression. 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 13
The compressive loading modulus eventually becomes equal to the unloading one, provided sufficient load has been applied. This behavior is illustrated in Figure 10 . Considering this fact, it may be necessary to perform these loading cycles using a higher load in order to get readings of the Young's modulus after the closing of the voids. However, special care must be taken in the case of weak component materials in order to limit the risk of premature damage in the masonry specimen.
Significant agreement was found between the values of the capacity obtained for the two prisms with the sulfur mortar cap (prisms 1 and 3) . The stress-displacement diagrams for the ALM masonry prisms are shown in Figure 11 and the results are summarized in Table 7 At the end of the test, the remaining cores were inspected and manipulated and were found to be very fragile, which is to be expected from the fact that the test was continued until a very low level of residual strength. The sulfur mortar caps were also inspected, and, apart from limited 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 14 damage near the edges of the masonry where the perimetrical spalling had affected the top and bottom units, they were found to be intact. The neoprene sheet did not show significant damage.
In all three cases the mortar was found to be in a much deteriorated state due to crushing. The smooth post peak curve appears to indicate that the failure is governed by compressive yielding, which would account for the amount of energy release. Furthermore, examination of the samples after testing revealed that the mortar had no residual strength and even completely lacked integrity, especially near the edges of the masonry. Finally, the detached pieces of brick had hardly any mortar adhering to the beds, indicating either a poor tensile and shear bond or simply complete deterioration of the mortar due to crushing.
It is possible that the carbonation of the mortar near the center of the joints was incomplete due to lack of free contact with the air. In this case, complete carbonation of the entire mass of mortar would require a significant amount of time. This could account for the fragility and instability of the remaining masonry core.
The initial and unloading/reloading Young's moduli of the ALM masonry measured from the cyclic tests were lower and higher respectively than the final value registered in the monotonic compression test. The average ratio of the final Young's modulus in the monotonic test over the compressive strength was 53.2.
The HLM prisms exhibited higher capacity and global stiffness and an apparent shift in failure mode. Although the initiation and propagation of cracking was similar to the ALM case, as was the fact that the top and bottom units remained mostly undamaged, there were a number of noticeable differences. Firstly, the mortar retained its integrity to a higher degree, as was evident by inspection of the mortar masses adhering to the broken off pieces of brick as well as the existence of intact mortar pieces which, after manual manipulation, did not exhibit signs of significant crushing.
Furthermore, the mortar in the remaining core was not crushed. Hydraulic lime should not normally experience problems with curing in areas not in free contact with air. 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 15 There appeared to be evidence of more extensive unit cracking than in the ALM case. The broken off pieces of brick were generally of smaller size and there was noticeable presence of unit dust, which was not present in the ALM samples. Due to the relatively high compressive strength of the units, it seems unlikely that the unit dust is the result of unit crushing. Overall, the above evidence appears to point towards a more prevalent influence of unit cracking in the failure mode.
The condition of the HLM masonry after the test is shown in Figure 13 ,
The HLM post peak curves were also of a different overall shape, featuring steep, almost vertical, decline in the resisting force. However, the remaining masonry core was more stable than in the ALM cases and mostly intact due to the better condition the mortar was in at the end of the test. The steeper post peak curves corroborate the point of higher involvement of cracking in the failure.
The HLM prism with the neoprene cap (prism 3) exhibited a lower compressive strength than the corresponding ALM prism. The failure mode was again similar across both material types, with extensive cracking at the top unit in the HLM case. The neoprene sheet itself was torn at the end of the test, but it could not be determined whether the failure of the sheet was responsible for the reduced apparent capacity of the masonry. The load displacement graphs for the HLM masonry are shown in Figure 14 .
Both the values of the initial and unloading reloading Young's moduli measured in the cyclic tests were higher than the value recorded during the monotonic compression tests. The average ratio of the final Young's modulus over the compressive strength was 89.81.
The vertical deformation measurements, obtained by means of the LVDTs placed in this direction, are presented in Table 7 and Table 8 . The mean value for the Young's modulus of the units measured directly in the masonry considering all six cases was 6031 MPa, but the coefficient of variation was 1.06. The results from the compressive strength tests on the units should, for all intents and purposes, be considered more reliable for determining the Young's modulus of the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 units. However, it is worth noting that the brick Young's modulus measured in the masonry agrees with the one measured in the compressive tests carried out on three stacked samples.
Having acquired the values of the Young's modulus for the units and the two masonry composites it is possible, through equation (1) The horizontal measurements in the central brick were also successful. The average Poisson's ratio ν u over the three ALM cases was 0.162. These results could not be based on the cyclic tests but on the monotonic tests for the determination of the masonry strength, as the horizontal deformation in the former proved to be too low to be measured accurately.
The development of the cracks typically observed in the masonry is illustrated in Figure 15 , where the location and order of appearance of visible crack damage is shown for the two capping methods used. Similar crack development was noted for both ALM and HLM masonry.
For both mortar types, the units and both masonry composites, the ratio between the Young's modulus and the compressive strength was significantly lower than the ratios reported in the literature and particularly lower than the ratios provided as rough estimations in design codes, such as Eurocode 6 [39].
Another major discrepancy between these experimental results and standard design code provisions is in the prediction of the compressive strength of the masonry from that of the two component materials. The Eurocode 6 equation for the characteristic compressive strength of standard masonry composed of clay units and general purpose mortar, such as the ones used in this campaign, reads :   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Concerning the measurement instruments used, the removal of the LVDTs prior to the stress peak may not have been entirely necessary, given the fact that the load is applied in displacement control, thus eliminating the possibility of explosive failure and, therefore, of damage to the instruments. Near the peak the vertical deformation is more uniform, which would allow for better measurements to be obtained. 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 64 65
Conclusions
In the present work, a series of masonry materials frequently present in historical structures, namely fired clay bricks, aerial calcium mortar and hydraulic calcium mortar, was characterized mechanically. These materials were used in the construction of masonry prisms, which were subsequently tested in compression. A number of conclusions were drawn from these experiments.
Firstly, it has been established that relatively high masonry strength can be consistently achieved using conventional lime mortars and moderately strong units. Specifically, it was possible to achieve masonry strength nearly 10 times higher than the compressive strength of the mortar.
Additionally, it was observed that a significant amount of energy absorption is possible, especially in failure modes dominated by mortar crushing. In order to achieve this high masonry compressive strength the samples were tested at 49 days instead of the standard 28, a significant increase in the compressive strength of the mortar being registered in the intervening time.
The lime mortars tested in this campaign appear to be situated slightly below the spectrum of mortars covered by the EN 1015-11 standard. This was made apparent due to their low resulting strength, the length of time required for maturity and the very low loading rates necessary for adequately controlled and, therefore, accurate testing, which, nevertheless, resulted in the maximum load to be reached before the time specified by the standards.
The resulting masonry composites had a compressive strength much higher than the ones predicted by the EN standard. However, the relative increase in the compressive strength of masonry for an increase in the compressive strength of the mortar was consistent with the increase predicted by the EN standard, even though the prediction was incorrect in terms of absolute values.
Lime mortar specimens present a number of difficulties during experimental testing due to their low strength and curing characteristics. Due to their low strength, it may be inappropriate to use modern testing standards for their characterization. Moreover, and due to the slow curing process experienced by them, only small specimens can be reliably tested, especially for aerial lime mortars. As far as the testing and measuring equipment is concerned, larger specimens, such as 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 cylinders, might provide more accurate measurements of the mechanical properties; however, the proper curing throughout the specimen would not be achieved before a very long time.
Employing the coring method for extracting samples from the units, it was possible to obtain sufficient specimens for one bending test and between two and six compressive strength/Young's modulus tests, depending on the number of cores in the compressed stack. Given sufficient brick dimensions, several tests may be performed on a single brick, making the method an interesting choice for historical brick testing.
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